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ITLTTRGiXC T I OW 

At t h e  r eques t  o f  the Rw-eau of AeFonautics, Xavy 
Department,.; a s e r i e s  o f  t e s t s  OR the  Brewster XSBA-1 
airpl-ane i s  Ss ing  con.c?ucted: t o  detrimine.  t he  e f f e c t s  of  
va;.ious t a l 1  modif5.ca.t iorls . The xrlC)dif.;.c,ations a re  t o  
inc:.ude (1) variatf .cn of. t he  cIsord of t ~ e  ele+a.tor and 
rud6.w while t h e .  total circa of t h e  sll-pfaces 3-s k e ~ t  
cons t an t  and ( ‘ 2 )  vxyiatlons of the  t o t a L  a rea  of ihe 
vert;+cal t a i l  :Jurfac,e . k r e p o r t  ]?.as brien p-.xhlislled 
( r e fe rence  1) on %: f1yTng q;i-alit;Ies 0.f t,he 8,irplane 
wi?;h the o r i g i n a l  tai.1 surfaces .  The :>resent, repor>t 
compares t h e  r>es!ilt;s ob t s ined  f‘ronl t e s t s  of t h e  handling 
q u a l i t i e e  cf the airplarle with the  ‘ffrsi; s e t  o f  modi- 
fied t a f l ,  surfaces t o  t h e  handXing qual2.tics wi.tii t he  
original t a i l  . Only those handling q!nc?..l.ities af‘fec t e d  
by the m d i f i c a t i o n  o f  t h e  takl a y e  considered.  F’or 
convenience I n  t h i s  and subsey~~ .en t  papex’s, the or i c l ina l  
tail S?-wf’aces o f  re fe rence  1 a r e  F .  r e a f t e r  c a l l e d  t a i l  
conffgura t ion  nu.;lber o ~ e .  All t t s t s  were made a t  t he  
Langley €%moria1 8 e r o n e u t i c a l .  Laboratop;r be tveen 
October 1 9 4 1  and Way 1942. 

The sgcond t a l 1  conf igurz t ion  d i f f e r e d  f rom the 
f i r s t  LE t h a t  t he  horn balarices were renioved 80 t h a t  
the rudder axd e l e v a t o r  were no longel. aerodynamically 
b a 1 8.3 c e d . The mdif‘ ied c o n t r o l  surfaces  were mass 
balanced by means of lead weights niounted on the  



2 . 
forward. end of l o o p s  nh!.ch I,." sseci. through cut-outs  i.n t he  
fl.xed sur faces .  The a r e a s  o f  t a i l .  coxf ' iguration uum- 
'Der two f o l l o w :  

Pin mea ( above fuseLaGe, aliead o f  hinge l i n e ) ,  
sq ft . . . . . . . . . . . . . . . . . . . . . .  12.4 

Rudder area (bch.i_nd i.;inge l i r , e ) ,  sq f't . . . . . .  13.6 
Rudder trimc5.ng-tab ayea, 3q ft . . . . . . . . . .  3.9 

contained. fu se l age  area), sq ft . . . . . . . . .  33.3 
S t a b i l i z e r  a r ea  (alieac of hinge l . i n e , .  inc lxding  

Elevator  area (behind hinge l i x e ) ,  sq f t  . . . 2'7.9 
Elevator trbimming-tab &rea (not changedj, sq f t  . . 1.7 

On t a i l  ~ 3 n f i g u r u t i o n  nixnbcr one ,  tke  rudder harn- 
balance a rea  was 1.5 square feet ai26 the e l eva to r  horn- 
balance 81-88 was 2.7 square f e e t ,  'There was no tri.miTng 
tab  on  the rudder . 

DrawFngs r>f the t a i l  su r f aces  a r e  g i v e n  i n  f i g -  

The 1,elat inn be twcen coritro2-stick p o s i t i o n  and 

ures 5 thimiigh 3. 

e l eva to r  d e f l e c t J o n  :.s shown i n  f i g u r e ' ( ) .  

A descr ip+; icn 0.i' t h e  s i r n l a n e  i s  given i n  r e f e r -  
ence 1. 

The 2.irsneed rcccrC3r used f o r  these t e s t s  was 
c a l i b r a t e d  by the  ixye  of' a t r a j l i n g  airs?,eed bomb. 

A l l  o f  the measuremrnts of  f l y i n g  q u a l i t i e s  were 
made w i t h  the cen te r  of  g r a v i t y  loca tgd  a t  25.5 perccnt  
o f  the mean aercdynamic ckmrd with P u l l  s e rv i ce  load. 
In  this condition t h e  a i r p l a n e  weighed 5770 pounds or 
t he  winz loading was 22.1~ pourlds pe r  square f o o t .  Re - 
t r a c t i n g  t h e  landing g e a ~  had no e f f e c t  on the hori- 
ZoutEil l o c a t i o n  of' the  ccn*;er o f  g r a v i t y  6nd tl ic eff 'ect 
o f  r u e 1  consLurption on the center -of -gravi ty  ? o s i t i o n  
was s u f f i c i e n t l y  s m l l  t o  be ignored. 
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speed 

---.-r 

Ylight 
condi t ion  

Cruis ing 

L u n d i n g  ' ~ ' t ? r o t t ~ - e  c losed I - - - - - - - - -  
C 1 inb fng 

Approach 18 

C h a r n c t e r i s t i c s  o f  uncontrol.led ---*L--"-- lon~gitudinai mc, t ion.-  
The degree o f  damping o f  t&-s5ort-perlo o s c i l l a t i o n  was 
d.etermined by def ' lec5ing the  e l eva to r  and quickly  r e -  

f i g u r a t i o n s ,  %he subsequent, variation o f  m r x a i  accolera-  
t i o n  an? e l eva to r  angle ?lad complete?q disappeared a f t e r  

r e fe rence  2. 

l e a s i n g  i t  i n  high-speed Plight. Y!-kh b o t h  tai?. con- 

one cpcle.  P l . .  iLfs sa<ist.'ieci the r p  ; ? A i r e m r . ! t ,  s t a t e d  i n  

tTp UP 
UP UP 
UP U p  

Down Down 
I i s l f  down Down 

The long-period ( Y h i q p i i i )  o s c i l l h t l o n  was n o t  irives- 
t i g a t e d .  

Fave-off 3 4. Down 

Ckarac terLs t ics  of e leva tor  con t ro l  i n  s teady i"l.ight .- ----- - -___ 
The c h w a z t e r i s t i c 3  nf' +,;le eLcva to r  corst;.ol of' the  X S B A - 1  

'' Down 

a i q ? l a n e  in .  steady P l i g h t  were measured by recording the  
e l e v a t o r  p o s i t i o n s  and. .foi-ces r e q u i r e d  f o r  t n i r n  a t  
varrious a i r sneeds  arid t r h m i n g - t a b  s e t t i n g s .  irie se  nieas - 
ureliients were nade !-n the ? ~ l l o v i i n g  condfkions o f  f l i g h t  : 

ri? 

Conclus ions  reached r ega rd ing  the  e le v a t o r  con t ro  1 
c h a r a c t e r i s t t c s  may be sux-marized 8 s  fol lows:  

1. In all of t he  condi t ions ;7f' fl- igfit ,  a t  low 
speeds,  - s t ick- f ixed .  s t a t i c  s t a b i l i t y  e x i s t e d  f o r  the 
a i r p l a n e  with t a i l  configurat ion nur;iloer two A S  s h o ~ n  by 
t he  nega t ive  s l o p e s  o f  the curves  o f  e l eva to r  arrgle 

h i l i - t y  was g r e a t e s t  i n  the  landing and & l i d l a g  c9nd.i- 
t ions,  l e s s  in the  cr?.iising and. cllmhing condi t ions ,  
small In the  approach condition, and Jus t  above i reu t ra l  

a g a i n s t  a i r speed  In f i g u r e s  10 through 13. rn  he s t a -  
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i n  the wave-off c o n i i t i o n .  A t  iilrgher speeds the  s t a -  
h i - l i t y  became a p p r o x h a t e l y  n e u t r a l  i n  the flaps-up 
copditfons.  3'Qyire 14: a l s o  g.fves an i x d i c a t i o n  of t h e  
st icic-ffxed s t a t i c  s t a b i l i t y  i n  -the gl-idine,  c r n i s i n g ,  
an2 clS.rrbing cond:tions of f l i g h t  shoxl.ng n e u t r a l  s ta- 
b i l f t y  i n  the clj.rlibirig condition : t lor: angles of  a t -  
ta.ck. 

Cornparfsor, w!.th the  r e s u l t s  given f o r  t h e  a i rp l ane  
with t a i l  con f i zu ra t ion  nlmber one In raeference 1 showed 
l i t t l e  Ci f fe rence  i n  the  s t f c k - f i x e d  s t a t i c  s t a b i l f t y  a-S 
ohtairie6 with t h e  two t a i l  confIgtT.ratior:s. Sirice tile 
e l eva to r  ai'ea waz changed on ly  s.7l.lghtly b2r r e m v a l  of 
the  horn balance, no c?pprecI;.aSle clianye i n  s t i c k - f i x e d  
s t a h i l l t y  was t o  be expcctec?. FoV:!ever, wi th  the f L r s t  
t a l l  copficuration -the airpl .an.e was s l i$h i ; ly  stable i n  
any conditior,  a t  t he  upper end of' t h e  sy~eed. range. 

b e r  two, the slope of t h e  c u r v w  of s t i c k  i'oixe f i g a h s t  
airspeed, s l s o  f ~ ~ ~ i ~ e s  13 th.r:olxiff? 13, i s  Ln-egative at t he  
speed '  at VJX.C.~ t?:.,e ai . rplane mae t rhimeti  i n  t h e  s l i d i n g ,  
cruising, cl inbinc: ,  anc 1ziinCS.n:; caridit ions . This char- 
s c t e r f e t i c  ~.ssii.rc's s i;j ck- f ree  :;;t&;lCfc sta.bi2-5.ty o f  the  
a i r p l a n e  in the f;Zidicfr larir!izg c o ~ d i t i n n s  . I ~ o w -  
ever ,  t he  s l o p e s  of the  c u i ~ e s  of stick force a??;sinst 
s i r s p e e d  fox. t:i~; c r u i s i n g  ar,d clr?.n.!bfng co:idit,lons r e -  
versed  betvreen 30 an<. 139 m L l e s  per hour so  t h a t ,  
I;lt:iouyPh the airplane vas ? t a b l e  s t i c k  f r e e  for t r i m  
speeds near  2CO miles  per ~ O L I P ,  the s t s b i l L t y  would 
have been  nsixtrzl or sltghtlg nf?pat,ive for t r i r z  speeds 
below approxina te ly  3-40 mi-les p e s  hour. In the  ap- 
proach and wave-off c,or,ditfons with the  second t a i l  
configurat ion,  t he  s l o p e  of t he  c i . : ~ e e  of s t i c k  fo rce  
aga ins t  a i r speed  is about zero. Since on the XSEA-1 
airplarte t h e  force change produccd by the  trimminL-tab 
inc reases  w i t h  a i r speed ,  i t  i s  be l i eved  t h a t  t h e  a i r -  
plane v;ould have been unPtablo i f  trimmed t o  zero s t i c k  
force  i n  the  wave-off condl t ion .  

C' 
L. F o r  the  aj..ryi!.w.e rrith ttL4.1 coc.f i~:urat ; ion nun- 

V i 5 - t h  t a i l  confic:imation nmiker o z e ,  t'ile c w v e s  o f  
s t i c k  f o r c e  aga ins t  aj-rspeeci for t h e  cruisil!g,  climbing, 
and g l i d i n g  condi t ions  weyE: on t h e  verge o f  r eve r s ing  
between. 90 and 1-90 i;zlles p e r  h o u r .  The c h a r a c t e r i s t i c  
s.ha?e of the curves o;C fo:rce v a r i a t i o n  f o r  sevevlsl 
f l i g h t  condt t ions  with e i t h e r  t a i l  sonf igiurat,ion LS 
bel ieved  t o  l-iavt. been catised by noniir ,ear hinge-moment 
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p r o p e r t i e s  of t h o  e l eva to r  
v r h g  m k e  a t  the  t a i l .  

ar;.d Sy t h s  Inf'liience o f  t he  

-- 
Cor! d i t i on 

Cruising 
C I i m b  ing  
G 1 f ding 
Approach 
Landing 
Wave-off 

Neat ra l  
Do. 

;=Ttablt? 
Ne 1 1  t P a 1 
3 tab 1 e 
Uns table 

3 . For the a i ry l ano  with t a i l  confi.i;uration num- 
b e r  two, the e l e v a t o r  cmtl-;ol  f o r c e  wa-s s u f f  icfei2t ly  
large cornpared t o  the f r i c t i o n  t o  r e t u r n  tke c o n t r o l  
t o  I t s  t?irrL p o s i t i o n  i n  t h e  g l i d i n g  and la.rldin5 con- 
d i t i o n s  . In the o t h e r  corxXtioris i21e elevator control- 
f o r c e  g r a d l e n t  wzs about z e r o  f o r  ;?a:.t or ell o f  t h e  
speed range f o r  some t r f r n  speeds. 5:'h.crefore, i n  the  
c r u i s i n g ,  climbing, wave-off, txne approach condi t ions ,  
t he  a i r p l a n e  with t a i l  mmber +,wo d9a not  nee t  the  r e -  
quirements o f  refel-ence 2 .  3lth the  f i r s t  tail con- 
f i z u r a t i o n ,  i t  W E S  3ossi:~l.e t o  t r i2 fn a l l  condi t ions .  

4. Xith e i  thw tail conflgixration, t he  e l e v a t o r  
angles requi red  f o r  t r i x  wer8 w e l l  wi th in  the a v a i l a b l e  
range i n  all cor,dit ions t e s t ed .  

Characteristics of  elevC>s;control i n  acce le ra t ed  
f l i g h t . -  The c h a r a c t e r i s t i c s  of' the  e l e v a t o r  c o n t r o l  i n  
a c c e l e r a t e d  2'lipht were deterwined from m e a s u r e ~ e n t s  
taken i n  abrupt  p u l l - u p s  nnd push-downs from l e v e l  

rnL 1;j.e r e z u l t s  o f  t he  
pul l -ups  and pusk.,-dov;ns VI t h  t a i l  cunf ilC;uration nuii- 
b e r  two are  presented iil figures 15 arid 16. Tine 
h i s t o r i e s  of r ep resen ta t ive  t:.zrns are presented  i n  f i g -  
u r e s  17 thro:.@, 23.  F$gure 22 s113ws tke vartcztion o f  
e l e v a t o r  an.gle v i t ?  I . i f t  coef f j -c fen t  i n  1.80~ ti.irns. 
The r e s u l t s  of the  t e s t s  pertaink2.g t o  e l e v a t o r  c o n t r o l  
i n  acce le ra t ed  flight m y  be  summarized t ie  follows: 

7- 

f l igl2t  and in rc2id i ~ i . 0 ~  turns .  
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t h e  s&e fo rce  vms  r equ i r ed  t o  lar,d. T n s  e l e v a t o r  con- 
trol was suff ic ient l :?  powei;ful t o  ho ld  t h e  a i r p l a n e  off 
t he  crou.nd unt i l  th ree-poin t  con tac t  was made. The 
avera,ge of records taken of several la,r,dings showed 
t h a t  2l0 of up-elevator deflectEon was r equ i r ed  t o  make 
a three-pofnt lazd ing .  This was the  s a m  a s  the anour,t 
of u p e l e v a t o r  def lect j .on r.ec;;lired t o  ? t a l l .  TJsuallg 
about loo more e l e v a t o r  d .ef lect lon i s  r>equired t o  land 
8 low-wing airplar je  than t o  s t a l l  it i n  the  landing con- 
d i t i o n  a t ' a l t i t u d e .  For t h e  XSEA-1 a l r p l a n e ,  i t  i s  
I:,elievec? t h a t  the s e p a r a t i o n  of t h e  f l o w  from t he  wing 
r c o t  i n  a stall reZuced t h e  d.ownwash a t  t h e  t a i l  as the  
s t a l l  was approached, j u s t  as t h e  ground e f f e c t  reduces 

1. For t he  airplar:e v i t h  eFth.er t a i l  conf igura t ion ,  
t h e  e!!evat5?,r control vms. su f f  i c i e r i t l y  powerful t o  develop 
e i t h e r  t he  me.xirnw. l i f t  c o e f f i c i e n t  OF t h e  al lowable load 
f a c t o r  a t  every  a l r specd . .  m ' n  * ,. .- i 3 f a c t   as eTTldent in pu7.1- 
ups made a t  variouy al.i.spoeds. 

2. ?!ith both  talls t he  norm;!- a c c e l e r a t i o n  was ob- 
served t o  i nc rease  p r o g r e s s i v e l y  - i t h  el-evator  nfigle a t  
en;r given airspeed.. 

3 .  Stl.ck motion of 4.6 inches f r o m  the t r b  pos.1.- 
t i o n  produced a s t a l l  v v i t h  t a i l  conPigura%ion inuxber one. 
KO r eco rds  of a s t a l l  i n  a t u r n  were o'rjtalned wi.l;h the  
second t a i l  conf igura t lon ,  h x t  i'tgure 1I i.3 a +-.? . n e  
h i s t o r y  of a turn in WLich 8. normal accelei-at ion o f  4g 
was reached which reqizired hn e l e v a t o r  Ceflect ior ,  of 11' 
f rom th.e trim poFition. T I S s  c9 rmspmd. s  to a s t i c k  
t r a v e l  of 4.5 inches c?i;d. honce  x e e t s  ?;he requirement of 
ref ereric,e 2 . 

4. '.?he va?*iatiori of s t i  c ' ~  fQr2.e w!-th normil  accel-- 
e r a t i o n  i n  1C9' turns u:ith t a i l  conf igura t fon  number two 
i s  p l o t t e d  iri  f?tp.ire 21. C h a q e  in nbrmal a c c e l e r a t i o n  
was proport tor ia l  t o  t he  elevator.  c o n t r o l  f o r c e  appliec? 
w i t h  e l t h c r  t a i l .  

5. An average f o r c e  of  aSout 313 pol;ul.ls p e r  g was 
requfred. t o  niake a highly a c c e l e r a t e d  t u r n  w i t h  t a i l  
configuratLon nimber one ,  This wcss reduced t o  27 pounds 
per  g w l . t h  t he  second. t a i l  conf igura t ion .  HoT::rrever, 
t he  force  p e ~  xs was excess ive  i n  eitkzer ca.se  as aSout 
15 poimds per  f; i s  a reasonaSle l i m i t  of  s t i c k - f o r c e  
g rad ien t  f o r  a scout  bonber such as t h e  XSRA-1 airglnne. 

C h a r a c t e r i s t i c 3  o f  e l e v a t o r  - c o n t ~ o l  .-- i n  1agdiEE.- 
With b o t h  e l e v a t o r s  t h e  sane up-c eva t?r  def lec t iof i  and 
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t he  downwash a t  the  t a i l  when t h e  a i r p l a n e  is land- 
il?g . 

The e leva to r  con t ro l  force requi red  t o  m l c e  a 
landir,g was about 4 1  pounds with e i t h e r  t a r l .  
exceeds by 6 po-!m& the  upper llniit recomnended i n  
refeyence 2. 

This 

Character l3t l .c  of e l eva to r  c o n t r o l  5-11 talce-off .- 
.I- -*- 

-------. 
With e i t h e r  t a i l  the  e leva tor  was adequate to aclcjust 
the  a t t i t u d e  angle  as d e s i r e d  during take-off  . 

T r i m  ci-langes d:1e f.oAsTsr s n d  f l a p s . -  Tile t r i m  -- - 
char,ge caused S g  lowering tm-- was i r ?  t h e  d i r ec -  
t i o n  tending t o  caas‘e th.e a i rp l ane  t o  nOse up. 
Lowerlng the l a n d h a  gear  caused the  a. ir9lEne t o  nose 
down. 
t i o n  nrmber o m  o r  9 pounds 1vftk.l t a i l  corif i p r a t l o r i  
number two was r e q u i r e d  t o  maintain t r i m  i f  the f l a p s  
and landing gear were lowered with t he  power off at 
120 miles p e r  hour.  
p o s l t e  d- i rec t ion  t o  t h a t  i i sua l ly  comideYec7, des i raSle .  
Applicat ion of power with flaps landing gear  iq 
produced a s l i g h t  nosing-up tendency. Xith flaps and 
landing gear  down, th i s  tende l icy  IW.S h c r e a s e d  s o  t h a t  
a push fo rce  of’ 18 pounds with ta..”.l conf lgura t ion  n’m- 
ber one, bu t  o n l ~ ~  10 pounds with t a l l  nunber two, was 
r equ i r ed  t o  maintain t r i m  a t  120 mi les  per  houp. The 
s t i c k - f o r c e  change at t h i s  speecl i n  going f r o x  the  
flaps-up power-off condi t ion t o  the flaps-down f u l l -  
power cQnciit1on was about 38 ,pounds ar i  th  conf igura t ion  
number m e ,  vhich exceeds t h e  upper limit o f  35 poiuids 
reconmended i n  re ference  2 ,  b u t  was o n l y  20 pou~s l s  w i t h  
conf igura t ion  number two. 

A push force o f  18 pournus with tail conf‘igura- 

This t r i m  change Is i n  t h e  op- 

._ 

Chamcter l  s t i c s  o f  l ong i tud ina l  triruqiny; device.-  
The tTiming-tFtb se t t i nG required i n  the  var ious f l i g h t  
condi t ions  t o  t r i ; n  a t  z e r o  s t i c k  f o r c e  with t a i l  con- 
f i g i n a t i o n  number two i s  p l o t t e d  f n  f i g u r e s  10 through 
13. % i t h  e i t h e r  t a i l  conf igura t ion  the  trim::ing t abs  
were s u f f i c i e n t l y  pocierf’v.1 t o  reduce t h e  s t i c k  force  t o  
zero a t  any poin t  i n  t h e  speed range i n  t h e  por7er-on 
condi t iQns  o f  flizht. In  .the power-off condi t ions ,  
the a i r p l a n e  could be t r l r m e d  a t  all speeds i n  t h e  
range more than  10 rriiles p e r  hour. above the  stall with  
the  nvxber one t a i l .  Due t o  the  decreased t r a v e l  of 
the  tab on the‘ nur!iber two e leva tor ,  t h e  piinirnum speed 
f o r  t r i m  was about  20 x i l e a  p e r  hoxr absve the  s t a l l  

----- 
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i n  t h e  landl.ng and g l i d i n p  cond i t lons  , TJ’nless changed 
rncaually, t h e  t r i rming  tabs  In both t _ r l ~ ,  elevat-o-s?’c; r e -  
tal.ned a given s e t t i n g  indefinitely. 

Charac ter i s t l  cs  ---_I-. of uncont ro l led  l a t e r a l  .Î  and d i rec -  - 
t i o n a l  motion.- Tl.e con t ro l - f r ee  l a t e r a l  o s c i l l a t i o n  w y t h  - 
t a i l  conf igura t ion  nmzher two ‘darc,ped t o  one-half ampli-  
tude i n  about one-half: cycl-e, 2 s  s h o ~ ~ n  in f i g u r e  2 3 ,  
satisf;r ing t h e  requ.irencnt of  r e f c r e m e  2 .  The r a t e  o f  
danping d$c?wa.se< v e r 3  sli$;htl;gT with speed.  Z5th t a i l  
conf igura t ion  nmiber one, the n m h e r  of  cycles  r equ i r ed  
t o  d m p  t o  one-half anp1it:ide Lncresseu from one-half t o  
one and one-half with a i r speed ,  T h e  p e r i o d  o f  the  
o s c i l l a t i o n  was k\alf again as I.ong v5.th. t h e  s e c m c l  taS.1 
conflgu.r.ation as with th.e f i r s t ,  The r e l a t i o n  of’ yaw 
angle t o  rixdder ang;le sk~owed t h a t  rudder xlmL5er two 
f l o a t e d  wJ i t4 ;  the  r e l a t i v e  wind anc! t h a t  rudder number one 
f l o a t e d  aga ins t  t h e  r e l s t l v e  w i n d ,  a3 would be cxpecCved 
with a horn balance.  
l a t e r a l  o s c i l l a t l o f i  w:?.s lor.,f.;er a i d  the  danping n o r e  
r ap id  with t a i l  configurat ion rimher t w o .  

Tl’ l ids  expla ins  1~hy the  pe;.iod of 

Rudder c o n t r o l  c h a r a c t e r f s t f c s  - The rudder c o n t r o l  
c b a y a c t e r l s t i c s  were nieasureci i n  s t s ady  f l i g h t ’ ,  i n  s i d e -  
s l l p s ,  and i n  abrupt ria.ddc:r kicks. I n  tht; rudCer-k ick  
maneuvers, records were t a k e 3  o f  rudder posl’.ticl?-, rudder 
f c rce ,  rolling v e l o c i t y ,  s i d e s l l p  aagle ,  en6 r,orcal ac-  
c e l e r a t i o n  r e s u l t i n g  from Zbrupt d e f l e c t l o n s  of  t h e  
rudder i n  Fteady f l i g h t  while the  o t h e r  cor , t rols  were 
h e l d  f ixed .  The r e s u l t s  o f  t he  s i d e s l i p s  a r e  shown i n  
f igu res  24 through 31. The r e s u 1 . t ~  of t h e  rudder k i c k s  
a r e  shown i n  f‘igu-res 3% tinrougli 34. 

_..----..-- 

T h e  r e s u l t s  ma-,. be s!mmar€zed as f o l l o w s :  

1. Both rudder nuxber one and rcddcr  nunber two were 
powerful  enough t o  overcor2e the adverse a i l e r o n  YaVJiEg 
rrioment i n  a l l  c.onditior,s t e s t e d ,  

2 . El t h e r  rudder was surf icient1.y powerful t o  main- 
t a i n  d f r e c t i o n a l  c o n t r o l  durin.3 take-off and landing.  

3 .  F i p r e  35 s:-.ovrs thszt rucder number two was s u r -  
f i c i e n t l y  powerful t o  trim tke a i r y l a n e  a t  a l l  a i r speeds  
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above the  r.iSn1mu.m f o r  each condi t ion t e s t ed .  ihclder 
nimber one a l so  s a t i s f i e d  t h i s  r e q u i r m e n t  . 

co 1. The e f f ec t i - Je re s s  of  t he  rudder i n  recovery from 
L') s p i n s  w s  not  IrivestLCr t9d. 
I4 

r3 

I 

5. The rudder  c o n t r o l  f o r c e  wa,~ propor t iona l  t o  
rudder d e f l e c t i o n  With e i t h e r  t z i l  conf2gurstion. 
rudder force  was reyriirecl t o  h o l d  r rpht-rudder  c?eflec- 
t i o n s  and left-rudder fo rce ,  t o  h o l d  l e f t - rud2e r  def lec-  
tl ons 

Right- 

6. Rudder num3er t-,vo v ~ 2 3  ESou t  25 ?ercent  l i g h t e r  
than  rudder nlmber m o  i n  E i d c s l l p s .  
the  fo rce  reqli ired t o  cverccie  t b e  yawing morr,ent due t o  
f u l l  aileron hef l ec t fon  w a s  about 100 pounds. 
changes caused by decreasicg a i r speed  were not excessive.  
Complete d a t a  were not  obtained, buk the  1.argest recorded 
t r ixming f o r c e  was 7 5  pouncls for rudd-er nEyber two i n  
the  wave-off condi t ion  at 56 ~ 1 5 l e s  p e r  hour. Jn all 
cases ,  with e i t h e r  rudder ,  the fo rces  r equ i r ed  v-ere below 
the  180 pound likrlit 17ecmirrended i n  r e fe rence  2. 

the  yawing moiicnt &:e t o  s i d e s l i p  vere  found t o  be as' 
f o l l o w s :  

Uith either rudder,  

The t r i m  

Yatving m o r i m t  due t o  s i d e s l i p . -  C h a r a c t e r i s t i c s  o f  - 

1. L i t h  rudder locked, at; 110 perccnt  of t he  mini- 
rnwn speed the  maximim charice in s i d e s l i p  argle developed 
as a r e s u l t  o f  f u l l  a i l e r o r ,  c ief lect icn was about ~ o O ,  
which i s  the  ;7aximixr allovlrahle rmder t h e  requirement of 
r e fe rence  2. 

2. With eit12L.r r ider ,  the  yavring r,oc;ent Cue t o  
s i d e s l i p  was such t h a t  t l x  rudder  movement requi red  was 
i n  the  c o r r e c t  d i r e c t i o n  from t h e  t r i m  poFi t ion ;  t h a t  
i s ,  r i g h t  rudder 2rociuced l e f t  sSdpslfp and l e f t  rudder 
proguced r i g h t  s i d e s l i p .  l?w angles  of s i d e s l i p  between 
215 , t h e  angle  of sideslip vas substant i  a l l y  proportional 
t o  rudder d e f l e c t i o n  f o r  e i t h e r  rud&er.  

3.  The yawing monent due t o  s f d e s l i p  ( rudder  f r e e )  
with e i t h e r  t a i l  configurat ion was such t k a t  the airplane 
always tended t o  r e t u r n  t o  t he  trim condi t ion  regardless 
o f  the  angle of s i d e s l i p  t o  which ?.t was forced .  

P L t c h h q  moment dlxe t o  sides1fE.- With b o t h  the 
nuvber one and t he  nurber two t a i l s ,  tile curves o f  e l e -  
v a t o r  angle apa lns t  an,c-te o f  s l c ? e s ? j q  S h n w  t h a t  +)le 
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p i t ch ing  moment clue t o  s i d e s l i p  was sinall. 

o f  17 6 5  

tain longitud.ina1 trjxi f o r  s teady  s idesl ipproduced by 
5 of  rudder de f l ec t ion .  It should be lnoted i n  i n t e r -  
p re t ing  the  curves of 2.ngI.e o f  si.des1j.p f o r  a given 
a i r speed  t h a t  t he re  may be some e r r o r  i n  t h e  indsca ted  
a i r speed  due t o  t.he ang le  o f  yaw of the p i t o t  s t a t i c  
head which was only permi t ted  t o  sn7isifvel v e r t i c a l l y .  

k maximum 
o f  up-elevator d e f l e c t i o n  was r equ i r ed  t o  main- 10 

Power of rudder t r i iming  device.- There was no 
t r i m i n g  tab on the nurcber one rudder.  The tr imqing 
tab on the  number t w o  rudCer was suff I c i e n t l y  powerful 
t o  redi-Ice the  rudder f o r c e s  t o  zero  I n  all condi t ions  
of l e v e l  f l i g h t .  Unless changed manually, t he  t r i m -  
ming t ab  would r e t a i n  a given s e t t i n g  i n d e f l n i t e l y .  

C ONCLTJS I O f J S  

The comparison of t?ze kiandlhg q u a l i t i e s  of  the  
Brewster SSBA-1 a i r p l a n e  with t a i l  conf igura t ions  
number one and number two mcy Se sumiarized a s  follows: 

The XSBA-1 a i r p l a n e  wi th  ta5.1 conf igura t ion  
number two had s t i c k - f  ixed s t a t i c  l ong i tud ina l  s t a b i l i t y  
i n  a l l  condi t ions a t  l m r  speeds ancl approached n e u t r a l  
s t a b i l i t y  a t  hfgher sp:eds except in t h e  landlng and 
approach condi t ions of f l i g h t .  
nu?ber  one produced s t i c k - f i x e d  s t a b i l i t y  i n  a l l  con- 
d i t i o n s  throughout t h e  speed range. 
n o t  l a r g e  a t  h igher  speeds.  

t i o n  had s t i c k - f r e e  s t a t i c  l ong i tud ina l  s t a b i l i t y  i n  
the g1idin.g and landing condi t ions.  
n e u t r a l  i n  the  c ru i s ing ,  climbtcg, and approach c.ondi- 
t i o n s  alnd s l i g h t l y  negat ive I n  t h e  wave-off condi t ion .  
With t h e  f i r s t  t a i l  conf igura t ion ,  s t f c k - f r e e  s t a t i c  
l ong i tud ina l  s t a b i l i t y  e x i s t e d  f n  all condi t ions and , in  
the approach and wave-off condi t ions,  t h e  curves of 
e l eva to r  c o n t r o l  f o r c e  aga ins t  i n d i c a t e d  a i r speed  had a 
s t eep  negat ive  s lope .  

T a i l  ccnf i p r a t i o n  number two reduced t h e  
average e l eva to r  cont ro l - force  g rad ien t  from 30 t o  

1. 

T a i l  conf igura t ion  

The s t a b i l i t y  was 

2. The airplane with the second t a i l  configura- 

The s t a b i l i t y  was 

3. 
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2'7 pounds pe r  g. This va1ii.e stl.11 f a . r  exceeds t h e  
maximum grad ien t  of 15 pounds p e r  ,q t h a t  5 s  con- 
s id-ered TeasonaSle f o r  scout bombers. 

4.  The s t i c k  t r a v e l  requi red  t o  ? t a l l  i n  ixaneuvers 
was desirabl-y large. It ~ . v m  ahout 4.6 inches wfth t a i l  
conf igura t ion  nw-ber one and approximately the same with 
t a i l  conf igura t ion  nuiber two. 

5 . 'viith the f i r s t  t a i l  corif i gu ra t ion ,  t r i r i  changes 
caused by appllcatio3 o f  p w e r  o r  3awering t h e  f l a p s  
were l a r g e  s.nd caused a nosifis-i.ip tendericy. With t a i l  
conf igura t ion  number tvia, t h e s e  trim clmnges w r e  re -  

120  mi les  pe r  hour i n  going frmi the  f laps-up power-off 
condi t ion  t o  t he  fla2s-6owm full-power condi t ion  was 
38 poufids wi.th the  t a i l  c3nf igura t ion  number one bL:t was 
reduced t o  20 poixr,ds with t a i l  conf Qpra t lo l ?  nur;:ber two, 
which was wel l  below the  r e c o m m d e d  nimxirrum o f  35 pounds. 

duced about 50 percent .  The s t ick- i  n O P C ~  C ~ Z I I ~ ~  a t  

6. Xith e i t h e r  t a i l  t h e  d i r e c t i o n a l  stabl! . i ty was 
s u f f i c i e n t l y  large t o  l i m i t  the yaw caused by f u l l  de- 
f l e c t l o r ,  of the a i l e r o n s  v i t h  t h e  rud2 .8~  f i x e d  t o  20' a t  
low f l y i n g  speeds.  The pltchnfng moment due t o  s i d e s l i p  
was d e s i r z b l y  small  i n  a l l  f l i @ t  condi t ions . 

7. Tk-e ri.id.der c o n t r o l  with e i t h e r  r u d d e r  was suf -  
f i c i e n t l y  e f f e c t i v e  t o  riaCntain s t r a i g h t  f l i g h t  a t  mini- 
num s 9 e a d  i n  all f 1 i s h . t  condi t ions.  E i t h e r  ruclder ir.ras 
power;"cl enough t o  overcome a l l e r o n  y a w  I n  a l l  ccndi t fons.  
The rudder fo rces  were a?proximately the  sane with e i t h e r  

i 
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rudder and did not  exceed the l F m i t  recormended by r e f e r -  
ence 2. Iiowevei-, r u d d e r  nimber two was about 25 percent 
lighter than rudder nimber one Ln sideslips. 

Langley Memorial Aeronautical L a b o r a t o r y ,  
National Advisory Cormi t tee  f o r  Aeronautics, 

Langley F i e l d ,  Vs., December 2 ,  1943. 
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Truiling edge a< 4- ------- angle /5* 
- 

section A - A  

P i g u n  5.-  Horitontd. t a i l  configuration number one. Brerater XSBA-1 airplane. 
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Trailing ed e angle# 
Section 6-6 
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Rlgure 7.- Horfsontal t a l l  configuration number t w o .  Brerster XsBA-1 airplane. 
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Section 6-6. Trailing edge mqle 0:" 
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Flgun 8.- Vertical t a l l  configuration number two. Bmurtor XSBA-1 alrplane. 
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